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BImOOKES. NEvII�i�E, BL:�NK �\1Ai-tfmN, ANt) \\ERM.-\N, lid)BEW1: TIme’ kinme-tic-s cof time-

c-commcluctmomuc-e- imic-ne-misc- j)r000htic-e’e! by -y-ti-Iiminmc)butynic tic-ic! tot time’ mmmc-nibnmimie- of locust

nius-lc- fibers. .hIol. P/immoral. 9, 5�0-5�9 ( I 973).

‘I’ime niio’mmmbmtitie ‘ no ‘s� oconiso- t co --y--a nmimio obut � mio tie-ic! (( �\i3�\.) cof be oust nmuselc’ fibc-ms hti t lie-cl in

- ‘i)m00l)icitmtmtc’ stilimoc-’’ mit jol-I 6.5 is ge’nio-mmilly bipiimisic-. �Fimc Slo)\\ joiitise- is c-xixoiie-umtimil . mimic! its
nmite- o-conistmimit ( � >( l0� too I .0 X iO_2 sc-c--’) is inic!c-pc-nmclcimt of ( �ABA ecniocmmtmmitiomm mimic!

mc-lmitive-lv inise-misitivo- too tc-nmpc-rmiture- e’himiiigc- (freomim 26#{176}too 15#{176}).\\ itim increasing ( AI3A coomi-

c-c-mit rmit ic Oti tiiiO! t c’ilij)O’itit are-, a fast c-n- ion-coc-o-ss mite-mve-mme-s. ;\_ fc onnim cof ‘ ‘sc’mmsitizatic Oii’ ‘ eoccmmns

iii \Vimiohm t iic jomomt ic-il omit ic mm 0 )f t he’ fmist c-c )fllpOiiO’iOt 0 of t ime- kiroe-t ic-s inie-nc-miso-s c mm re-pc-mit c-cl mippli-

c-met10 Oii c of t lie’ sterno’ ( �_-� BA c-comic-c-nit mtit ioonm. 1eimnihibmiummm e-tiivc-s eof ( � mme’ticon ‘O�e-rc- cobtaine-ci

mit cliffo-me-mit tcnliloe-mtttut-o’s, mimic! a vmimm’t licoff lolcot immos c-onmstnuc-tc-o!. Thmo- stmiimdmmncl c-ntlmmilpv

c-imminige-, � fom- t 1)0 ‘ c ovc’i--mml! immto-rmic-t ie omi bet ��o-c-ni ( .-\. � mimic! mc-o-e-jote m- is - 59.3 kc-mil mole.

IVFHOIOUd’i’ION

1mm cxi)e-ninimo-mmt 5 e!e-signmc-ci t co i-imc’tisum-e’ c-c � tii-

hibniunim nc-spoomisc-s to) time- action cof -y-miniimioo-

but-ynic tie-ic! (1), time’ mmmc-nmbnanmc- cof looc-ust

niuselo- fibers i�mis fotimid teo rcspconic! ye-nv

sleo\\�!v too time- pro-so-tie-c- of -y-timiiinicobutynie-

Thus wconk uas sujopcorte-cl imo i)ant by a giant

frcomio t hie- l1e-hne-�v � tv-Hadassah Jo oI miI 1 �e’ -

svamc-h 1’�ommool.

0 o )no stobbat ical lemove tos \isit imog Pncfc-ssoon tot

the- I Iehre-w Uioivemsitv.

580

mit-ic! mide!o-e! too time’ bmmt-im. Several miminut-es

iVe-no- rc’ciiiime-cl bcfcue- time- menmbrmmnmo 0(0mm-

c!uc-tanmo-o- cof a sul)e-nIncimml fiber re-tic-lie-c! a new

stc-tielv value-. Time inmimibit-onv nme-urc)tnmins-

mmmittc-n- mictic)mm o)f (.\BA2 in mmntimne)pe)ds is

kmmownm to be sboowc-i timmimi timo- c-xc-itmitcinv tic-

tie)ii cof glutanimm-tc (2). Nonet-imc-lo-ss, wheim

GABA is adde-d tco time- soluticmm bathing

crayfish muscle fibc-rs, 90 � oof time’ ce1tmilib-

2 Thie mohhme-vitot ioono omseci is : ( ;.\BA . � -anroinoco-

htmtvric mmcicl.
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nium ne-speonse- is; rc-mie-iio-(! witimin 20--SO se-c-

(3). Under sinmilan o’xpe-rinno-mitmil o-oommditiconis

timo’ nate of actiomi of ac-c-tvlchmcolinic- mimic! ac-c-tv!-

cimeoline-bike drugs mit time’ meotc)r c-tic! j)lmttc’ cof

frog muscle is as fast eom fmmstc-r (4, 5). Time-

ye-ny sbcow rc-spe)nso-s nio-mmsuno-c! in this ivork

‘Ove-n(- the-nc-fcone- quito- umio-xpc-e-tc-d.

\\-c’ do-scribe- beloo�i� timo- nc-suIts cof e-xpc-ti-

mc-nmts imm ��-imie-im time- kimme-tie-s cof ( ABA ac-

t-io)Ii 011 time- mc-nibramme- cot leoc-ust muscle-

fibe-rs was nic-asuno-cI at e!iffe-rc-nmt te-mpc-na-

tune-s. Time’ obse-nvc-d vmmnimitieomm cof mini mippmmrc-nmt

equilibrium commstaiit with tc-nmpc-rmituro- himis
penmitt-e-d time- e-alculatic)mi cof t lmc-nnmc oclyimminnic

I)aramc-tcns feor time- inte-nactiomi. Timc do-tails
of time kimietics mire- suffic-io-mmtlv cconml)lc-x timmmt

only a descriptive- trc-atme-mit- is attc-mptc-el ti-t-

t-imis stage-.

A Pne-liminiar� re-point iimis be-c-mi give-mi cof

S(OmO_ of time-sc- results (6).

‘OiETHd)I)S

Time- pne-pmmnmiticmi 1150-01 111 tires study was thmc

fle-xon tibittlis niousele- of time- nmc-ttmthcomtmc-ie-

(junmpimmg) leg cof JM(--u.sta iioigi-atoria. A ole--

se-nipticon c)f time’ prc-parmiticonm miiid cof e-xjooni-

me-ut mu prcoc-edunc-s feor t imc- nic-asune-nme-Imt- of

nme-mbnanmc’ e-eniduc-tminie-o- limis bc-c-ti give-mm in

time’ j)nccd-diumg l)til)0’i. (I ). Ho-re- we- dc-mu witim

aspe-cts ne-bcvmiiit too time- nimo’mistmne-rrmo-nit- cof

l� inme-t id-s.

1mm time- 1)1-c-so-nit c-xloo-ninme-mmts a nicochuie’el

stipo-nfusioii e-hmamiibo-n ��mis tisc’d witim a no--

due-c-c! bmmtim velunio- oof 0.3 nil. �oolutiomm

flow-c-d ccommtinmueouslv timrcatgim this e-immimbc-n,

supc-nfusinmg time- nmuso-lo- fibers mit mm rate- cof

20 ml/nmimm. Fimc tmmp foor c-xc-imminigimmg scolutioomis

\Vmis boc’mited close- to time’ c-imminibe-r. Timc rmmte-

rmitc- eof e-xcimmi-ngo- cof solutionms in time- cimtimmmbo’n

cmi copcrmitimig time- tmil) \Vm�i5 c-ho-c-ho-c! by cob-

sc-rving time- c-leananmc-e- ef stilinic- scobuticon by

distillc-d wmitcn. Time’ rc-sistmmne-o’ bc-t we-c-nm t �

platinum wine- c-oils e-lanmpc-c! in time- cimmtmbc-r

\�_tms mnemmsured. Exchange i�Tmis 95? c-conm-

j)10t0 mi :3.5 �-e- mimic! 99% o-onmplc-to- iii 7 se-c-.
it \Vtis tilsco j)e)ssibbc too mmso-c-rttminm timmit- time-

scolutioonm iii c-eommtae-t with time’ nmuse-lc- dill! rmot

n-maimi sttiticonanv while- fib ow to )cok place-

mmneoummd time- pre-panatioomm. \\-imc-ii, mit- time- c-tic! (of

aim (-xpe’nimd-mlt, a little- c-conic-c-ntrate-cl sabinie

soolutioim ‘OV�S inmjc-c-tcd ititco time- flow tube-

bc-tiding too time- c-immimbc-r, litmo-s of flo�s of time-

sO)ltmt iomm ho-came- mi-moome-i-mtmmm-ily visible- he-

c-mi_use- cof time- elif1�c-ne-nie-e’ he-tive-emi time- l(’f1�1d-

tive- immdic-e-s cd dilute’ mimic! cone-c’nmtratc-ei stilt

so olttt ic oiis.

�A stij)Ptficimil nitiso-le- uibe-m mvmis iI111)mibOel mvitim

tivco flhiO’icoj)ij)o-ttOs mip�)ncoxinlmate-Iv comic- fibo-m

t!ianmie-tc-r mipmmnt (1). Limme-an rmmnimps cof iniwmmrel

c-unro-imt \\�c-i-o’ l)tisscd acne oss t ime- nime-nmbmminme-

timronighm comic’nmmie-noopipo-ttc-,timid!time’ e-lo-c-trco-

tc)miic POt-0’mmtimil -immimige- \\.tms clo-te--te-el by time-

O)tiiOI. ‘lime- kinmotic-s 0 of time- nmi-nmbmttmmc’ me’-

51)0)1150’ too (�\.I3�� ivas ne-c-onc!c-e! comm atm .oij

1)lOttOm, cumnc-mmt too time’ !J iimj)tit timid peoto-mit imil

to time’ .t- iiil)tlt . Time- c-tim-n-c-nit nmmnmps �e-ne- cof

1 .6-sc-c clunat it ni mimic! we -no- usumi 1lv to � 01olic ‘di

mit 10-so-c- into-nvmils. Input c-ooticltictanio-e- (lie-ne--

mifto-n no-fe-nrc-c! too mis c-c onidmnetmimiec-) ivtis i-c-tie!

fnonm time- slcopc cof time- hue- �vnittc-im cout by time-

plcotto-i. �Fhmc’ 1)0-ni \Vti5 simifte-d mmmmmnottmiblvmilconig

time- !/ mixis bet \�e-e-nm c-tint-c-mit nmmnmmps ( big. I )

limo- bmitimimmg scobuticoti use-el iii time-se- ox-

I oc-ninic-mits \\mis l)nc opie onmit 0’ smihimmo-’‘ ( 1 ) OO)ii-

tmm-inimig (‘�H1(�)ONmi (1 12 ni�i), NtiCl (2M

iflM ) , hiCl ( I 0 nm’Oi) , ( ‘mi(’l2 (2 mint ) . mimic!

\IgCl2 (2 con 4 m�in). Time- scoluticonm i�mis tic!-

j usto-c! too jFI 6..�) by adc!iticomm c d l”� OiOiO)miic

micicl. �\_ cmilibmmito-d! timo-rnmisteon ioicobo- (type-

421, Ve’hlcow Spninigs Inistrunie-not (‘onmmpaniy)

\Vmi�5 use-el too nionmitor time’ to-nil)c-nmituine- cot time

sodmiticoni iii time’ e-hmminmbo-m.

ltEsUm;ms

I?e,stiiitj (011(/U(talt(E1. It iitis bce-nm she omvmi

I Ore-Vie otislv fe or mim-t imnc)l)c 001 mimtiscle ‘ t limit 1 lie’

1)ncopc-rtic-s oof tIme’ ie-stiimg nimc-nmbmmmnmc aimel its
m_e’sl000iiso_ too ( �\i3�\. mit-c’ ve-m\ sc-iisit iVe- t(o

to’n-mipe’n-mitiii-e’ (7. � iii the’ lone’se-mmt i�cork mo

ne’ehieticonm iii tc-niloo-nmittmte- fncmii menonim te’nm-

j)c-rtiture- (20-26#{176}) too 15#{176}cause-el mi stibt.ttanmtimii

ole-o-nc-mise- iii mc-stimmg miic-niibntinmc- e-onoc!tio-tmtnmc-e-

mimic! mm c!c’pc dmimiztit ic on 0 of sevemmib mmmiilive olts.

‘Ifimo- e-xtc-nmt cof time- c-oonc!ue-tmmime-e- ehmmommgo- ( Iig.

2) mignc-e-s nmmtho-n joic-e-isc-ly ivitim time- vmmluc- cof

;-o � ; -- de-gmc-c me-locote-e!Ion- c-mmmb mmnns-h- (7).

Lquililoiiuin 1(’S/)Ol!.S(’.t. ;\t nc-due-c-cl to-nm-

loo-nmittmre-nic-misunmmhle-immc-ne’misc-siii mmme-nnbnmmmmc-
eooiie!tictminco OOoui(l be’ c-hic-itc-(! ivit ii sniimillc-i

coommce-nmt rmitioomms e of ( �\. � . I ii lig. 3 lc og

clcosc--ic-sj)e)mmsc’ t’ilIVOs niO’tistmtO’d! mi c!ifIc-nc-nmt

lono-ioanmmtieommsmit 15#{176}mmmc! 24.5#{176}mire’ sc-c-nmto
be- mippmcoxinititelv l)tmitihlol. �Fime’ Ic-spconmso-s em

1’ig. 3 �u-�- e-xjomc-sse-c! as pc-ne-omit age-s c of iiit-ix-

mmmi-, ivlmic-im �io-re’ lie ot iiiomistlrec I o’x�oe’mi flie’ii-

tmilly iout ���o-re- cxt nmmpeolmito-el i):\� t ime- miie-t imcoe!
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lmV
h’mc;. I . .o-�i plotter re(-or(lz 0,1/ of r(lto oof 1 mocrease of

imoemnhra moe eo)mo(lou-ta mice (Of a mo � 000palc(l fiber omo appli-

oatiom, of GAIL4

Thoc zerco p0mm cof enohi line is como the right, amid

t hie pe- no c f t he- ‘!/ l)l#{176}tI e-r I i ft s at t he peak cof t he-
(-lnrrd-noC ramiip. The i)�n0 -�vas shifted nnmtnooomclly clo-wno

I lie- y axis (o-inrremot axis ) i)et wee-ni o-oirrenot raniips,

which we-re mo�)pliecl at inotervals of 10 sec. Froonim the

arrcow doownowards the- pre-parat moono is sinperfused

wit Ii 0.24 mu�i d .�.&13A. Time- respoonose ceonisists oof a

I ranosit-not hvperpolarizmot iconi (of I he- miie-noil)ranoe-, re-

corded mis a displace-mime not cof t ho- ze rco p01 not s t o t he

left . :onod to sust am moed conodoici anoce i noc-rea.se, re-

orck-cl as to ehoanoge mo the sleo})e’cof the hinics. The

Ii tie-s also hoec mud. shcnt c-n boccaoose- i hoc- peak c-inn-remit

l)nco(hlmo-e-s Ioss hivperpcolan-izat icono -cvheno c-conochin-e anoc-e

i moe-re-misc-s. I no t his respoonose- t he- slope-s cf t lie- first

t wo hinoes mofi er t lie- arrcow wcoonlel be c-oonosielered i ni-

clet e-rmoo i moat o hec-tunse- cof (fist cort icono ho� t he fmost rate

of d �:�l3.& inocluced hvpc-n-�ocolarizat icon,.

describe-c! iii time- pro-c-e-climmg lomiPo-r (1). l’imis

nic-timecel cicjooiids ujooti time- fact- that the

e-e1uilibniunm -unvo- cof ( �ABA micticmm is tip-

ion�xinmimttc-c1 by time- c-cjuati(onm for mini ootim-
eoreler ro-mic-ticoni:

[--‘In

y = [:1]’ + K

��ime-mc ‘ [_-l ] is ( �\l�A. c-c onmc-c-imt nmit ic omo, K is aim

tijojo:oicnmt- c-c1uulihniunm clissc e-imit iooti co ommstmonit

I I 0 1 0

2 4 6

Initial g�x106mhos

F’i cm. 2. LfJO(t o)f temmoperature omo restimog mmoemmohramo-c

(�O?O(lU(1a nec

The re-latiomoship l)etweeno g,. , the initial resting
on,dinct mimic-c oof t he mnuscle fiber mne-nibranie at reooonii

tennj)erature- (23-26#{176}),amod .X g� , the conmductance

decrease per degree produced by cooling the bath-

inig sohintiono to 15-19#{176}, is shownm. The points repre-

se-not single coh)servatioonos cof the effect of coohimmg oni
g,. nmi:ido mo e-ach cof six preparations. The slope of

the- regression linoe- through the points is 0.048 ±

0.003 (staniclard e-rroor of e-stinoiate).

ammo! �i is clinc-o-tlv l)roopoontieommal to g’, the

c-oiuilibniuni c-oimduct anmce- increase. The value’

of a is nmoot- de-fimme-el here- as an immtegral imm-

bc-n cof binicliimg sit-c-s, but is foummd empirically

by minminiizimmg time’ sunm of sciuares of devia-

tions fnconn limme-minity mi the- double-reciprocal

1)100t cof 1 --��j’ vs. 1/ ��-l I’. Timo- justifications for
timo- inipoonttmnt missuniptions made- in this

mippre omic-im imtmye- ho -c-nm discusse-d elsewhere

(1). lime- mipproxiniatc- fit- give-mi by Eq. 1 to

the- data make-s it- j)eossible- too characterize

c-acim deose--ne-spooniso- curve- by only t-imree

e lumi mit-it ie-s : (mm) t lie ‘ niaxi muni response-, f/max

(b) timo- c-eoumccnmtratieomm at- hmalf-maximum re--

sl000niso’, I-� ]o� � ; mmmd (o’) the’ Hill slope,
( 1 ) �l bog[/j/ ( 1 - //)] ((1 log[A]), w-imicim in this

c-misc is eoiumml too mi.

In thmro-o- c!c-tc-rniinimotionis at 15#{176}time’ Hill

sloopo- \�-tis 2.6, 3.3, mimic! 3.0. Time-se- sloJ)cs are
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Fnc�. 3. Log dose-respomose (-comes at 15#{176}amo-(/ 24.5#{176}

Responoses are expressed as fractions of ano cx-

trapolated maximum coniductanice increase. The-

curves were mimeasured in differenit preparaticonos at

150 (A) amid 24.5#{176} (S).

time-nefcre not different3 from the mo-an value

of 2.80 ± 0.24 (standard e-nron) determined

iii propionat-e saline at room temperature

(1). Figure 4 shows that the extrapolated

values cof g,� increase with nesting con-

ductance, g� . An inverse relationship was

rcponted for crab muscle (7) . In the present

work, using propionate saline at- pH 6.5,

t-imene is a tendency for the ratio grioax :g. to

remaimm rougimly commstant iii time- negion of

1.5. On reduction of temperature goomax timus

becomc’s smaller in dine-ct pnopontiomm too g� -

It se-ems cit-an, timerefore, that time- imicre-ase-

iii se-nsitivit-y to GAB�k actiomm at reduced

temperature is caused by aim incneasc- in

affinity, as inmdicat-ed by the parallel shift-

of the- log dose-nespeomise curve- sim(owmm imm

Fig. 3.

3 The �\Ig’’ ce)ntenit cof the salinoe- was 4 mum in,

sooniie- experimroenots in which kinietics was nmeasinred.

whereas ito the muajority of experiniienots the ccuotenit

was 2 muM. lull slopes inniec�iiivocally greater thano

2.8 we-re mime-asinred foor the first tinome under time-se

cionodit ioomos (of inocreaseci \lg�’ conic-emit rat iono . TIoc

usonal bower value sloope-, hcowe-ve-r, was measured
at reduced temperature. Fcor inostanoce-, the- lull
sloope feor the experinimenot showmo iii Fig. 7 (23#{176})was

4.1, while thmot foor the e-xperimiienot in, Fig. 10 (15#{176})

was 2.6.

8

6

0
-C
E

-004

E
00

2

1 2 3 4 5

�r x10�mhos

FIG. 4. Relationship between reslimog mmoemmobramoe

comodnetamoce and omoaximmoummo respomo-se to GABA

The miiaximunm comoductance increases, gmax , are
extrapolated values (see the text) fromm expori-
nments at temperatures betweeno 15#{176}amid 26#{176}.TIme
linear regressioni O)f f/max coni gr is shewmo Islope,

1.49 ± 0.35 (stanodard error cof estimate-)I, since

Yn�ax is conosidered the depenodenot variable. Because
(of the scatter of the points, the regressiono of q, cono

gmax gives a steeper relationship.

Van’l hoff plot. Time e-mpirical use’ of Eq.

1 to dc-scribe the interactiomm of GABA with

nc-ce-ptor provides us with aim apparent owen-

all affimmity constant, K’, for the- immtc-rac-

tiomi. Since time bc-st estimate cof n is 2.M (1),

we max- write K = [A ]�
I”igune 5 slme)\Vs ti van’t- Hcoff i)loot of - log

K against the necipnocal of absolute- tc-mpc-r-

at-une, 7’, for 21 dc-terminations of [A]o�, at

vanio)us teniperatunes bc-two-en 26#{176}ammd 15#{176}.

Each value o)f [A ]o -� \\.mis tmmkemi from a lull

1)bot (log [y/(l - u)I vs. heg IA]) constnucte-d

c_oh the basis eof mimi e-xtnapolmite-d nmaximum.

Timo- ondc-n e)f mtpphicmitioomi eof GABA eomm-

cc-mit rmit ioonms caim influc-nco- t lie- c-e’ uil ibnium

value-s cof o-ommductammo-c- inmcrc-asc- ( 1 ) . 1)iffo-ne-nt

symbols were- usc-d for time- poiimts mi F’ig. 5

accondinmg to time- following c-ategorie-s : (a)

ascemiding order of commce-mmtrat-iomms without-

immte-nnie-c!iat c’ washout , (b) ole-seceding e)rdo-n

o)f commco-nt rat IO)tis wit ime out iimt e-nme-dimmte

KINETICS OF GABA ACTION



1�
U

‘5-

12

00
0

it 0

‘5- 0
1�

‘5-

A

��-

�

�

(_) 3r-

4 $

BROOKES ET AL.

,__�l I I I
3.35 3-40 3-45 350

� x mo�

F�mem. 5. ta mo‘t II(oJJ� plc)t _for im,ter(Ietl no! l)et-woemo

GA I�4 �in(l receptor

‘l’he noegat ive- lcogari t immim cof t lie e-st mimI eel dissco-

oiat iconi coomost momot . i��:-. is plot ted agai most t he mecipio-

emil cof t lie- tii)500l oit o t c-iomperat oorc- . Time- experin�enot al

o-cjonihih)rioimiocurve-s used too estinioate- k were ob-

I mci noccl i no chiffc-nemot �vtovs : /� . asoenochi nog coidem oof

ccomooenot rat iconos \%.� t hocoiit i note-rnooediate evaslicoiit ; C,

closcenoeli meg ( onohc’m ( of o-oniceiot mmii 10)005 -ivit hooooot imitem-

nmoe’chiatc’ �vashcooot ; LI , iiote-rmime-diate--�vashcout tonic!

ne’c( ovenv bct � no co mooon , t nat i co,os . The- t I, no-c sets

cof chit a til)lOPtLn t 0) loe i noclondecl i no to si migle Pcol)ula-

ticono. ‘l’hie shiope’ 01 thoc’ ro-gmessiono line is 12.95

(±13(t) x lti-�’.

ivasimcotit, mimic! (c-) inite’nnmme-climmte washout mimic!

nec-c ovc-nv bct we-c-mi c-comic-c-mitmmit-i(omis . H ojwc-vc-n,

imispectioim o)f l’ig. S sugge-sts timmi-t mill time

j)Ooinits iii fmmc-t bc-Ieommg too time’ smmnie’ iooloultitiooim.

‘I’imc- stmmndmmro! o-nthmmilpv c-imaiigc’, �II#{176},for

time cove-n-mill inmtc’ntiet ieomi cof (\l3�\. with me-

c-c-ptcon \\.mis c-mile-ulmit-c! fi-coni time- sboope- cof time’

megne’ssieon hoe- in l’ig. .5 by use- cof time- feolleow-

immg e-xloro-ssiomm:

_.�iIIo = -sbcopc’ X 2.303 x I?
= - s’..:� ( ±6.2) ke-mil, nicole’

\VhmO’i0 Jm#{176}is time- gmis e-( omistmmimt.

The- c ot ime-r t ime’rnimoclynmi nmic- i)tiIti imme-tcns of

time- immte-rmmcticomm ivo-re- tile’tilmite’c! as folbo��s

( �ibbs fne-c- c-mme-rgy e-hmtiimge, �I’�#{176}= RI’ in K

(iiotc timat- the’ affimiitv c’oonstmint is K’)
e-imtreopv chmaimge-, �S#{176} = (z�H#{176}-

‘fime cmiloulatc’d vmmiuc-s mmme-give-li mi rfabbe 1.

liiO’s(’ value-s ti�)pl\ to o ti_mmunmknmc own so-clue-mice

cot e-cjuilibiimi ic-tmdimmg too time’ fconnimatiomm of

mic-tivtitc-d nee-epton. imisofan as the-y mini- simi-

1mm too the- time-nnmcodvmmanmic jommnminme-to-rs for

tIme’ immtc-nmictic)mm oof, feor exanipbe-, tic!e-mie)simme-

5-moomieopimosphate- ��it-im fructose- 1 , 6-dipimos-

joimmitmmso- (9), eon of oxygeim with imennogboobimm

(10), thc-y mine- c-coimsist-e-imt mvitim time- idc-a tima-t

time- GABA ro-cc-pton is mmmulti-subunmit pro-

to-nm (1).
Kinetics. Time mmitc- cof e-imamigo- cot nime-nimbnmimio-

c-eonmcluctamme-e- in ne-spoomiso- too time’ mml)l)licmit icon

(of GABA is hard too disc-c-rim frconm time- comigirial

-0_Il Plottd-n nc-o-oordiimgs (Fig. I). Figure- 6
illustrates time form of the- re-sjoconiso-s wimen

mc-nmibnane coonductanc-o- is plc ott o-ci migainst

T�oni�.n-: 1

7h ermmoodyna mooic parc� mooeto-r.s for in t(-ra(-t loll bet--wee mo

GABA (100(1 receptor (�H#{176} = -59.3 keal/miooole)

Time data are- avertogeci fr(omfl I iore-e- to) five cx-

l)erinlie-mits.

‘l’ernpera- Lh1��� il-,0 .iS#{176}

ture

#{176}( _,I X JOn kcai/omzole e - ii . oflo)le

23 1.52 -14.5 -151

19 0.63 - 15.7 - 149

15 0.45 -16.1 -l5�)

- 1_�

10 20 30 40 � 50

Fmc;. 6. Forum of � to G.4 IL-I

‘l’lioslcope’cclc’achi hinoe-mo ant con-iginoalnc’ccondinog cof

t he- kinod shooo�vno in Fig. I ns ccnove-rtc’d inotcoa 1o�inot

mo this jolcot cof iiieniihrtmnoe- ecomodoictanoce- tigainost

tiniio’. ‘Fhe- onpsvtond monmo�vs inochic-aIo apiolicaticonos of

0 A13A (1 ) 100 jz�i, (2) 70 �iM. anocl (3) 51) �emm, timid

t lie’ clcoimnavmord mmnrco-ovs nnoehicate svashotnt cof (lie
d �.A13A. The- first t lire-c- pcoi not s followimog eac-ho momrcow

tore- tot i otervals cof 20 50( . The e-xpe-riniie-not was per-

fcormoied tot 19#{176}, anoci t lie-se- nesponose-s s�-e-ne- rccorcle�1

aft c’r se-venal 1)nevi(onns apphicat iconos oof ( AB:� I 00 t lie-

loreptommot ic)nO. The ltorgc-st cof t lie I horc-e nospcuosos is

a�)pn(oximoiately 80� � (Of noi:oximiitnnii.
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KINETICS OF GABA ACT1OX 5S5

time-. 1mm view c)f time- c-xpenimcntal eonclitiomms

o)f re-cording from a supe-rficiai fiber mm o-omi-

ttmct wit-h rapidly meoving solution, time-sc-

responses must be- e-onmsidened remarkably

slow.

Time use of a semilcganit-hmic plot (Fig. 7)

sho�vs time kinetics fne-c�uently to be bipimmisic.

In Fig. 7 are plotted onsets (A) and offsets

( B) of the actiomm e)f four submaxinmal ceomi-

cemmtrat ions of GABA . Time emmset-s re-s colvo -

into fast and SlOW exponential phases, mmci

cmiii therefore be dc-scnibe-d by an edjuatioim of

F�IG. 7. I%.i000’tl(s of omoset (A ) amo-d oofJset (13 ) of

GABA aotiomc at roomoo temooperature (23#{176})

The imostantaneous c-oniductance inerease, y. was

measured ott- multiple-s of 10 sec after applicaticoni

of ( ABA (see Fig. 1 ) ionot il eciinilibriunii c-conod,nct -

minice i nocreoiocc , �j’ , �vas ,c,ichoed. Ono ‘ovtto4hB010t . I he

kinetics e)f offset 0)f ( ABA acticomo was alsco fol-

lewed. 1o-och ( AB.& applicaticono was oof 7-mimi no chin-

ration,, amid cat-h wmmshcout was cof Co-niino chnnrtttiono.

The- logarithnimic axis eof t lie- oniset kiniet ic-s is pleot -

tech tms (1 - g�/(J’), minid that oof the- eoffse-t kinoetie#{176}s as

(J 1)’, to facilittmte c-oommmparisoono. Time- ( ;ABA c-eonoccno-
tratiomis mipplie-ci were: 0, 100 j.it�i; LI. 1St) jo�on;V

190�eM; L�,240�eiit ([Al03 = 140.eM). The lmalf-tinoies

cof the- fast amid sloow expomoenotial e-conipomocnots cof

the oonise-ts mire give-ni in Table- 2. All re-speonoso-s wo-ro-

re-c-corded froona the same- fiber.

1 - q, = aoeknt + hoe�#{176}’ (2)

g

��hc-nc- #{231};;is t lie’ mist mintammc-e ous c-commc!uc-t minmce

change- at tinme- I ; g’ is tim(- e-o1uiiibnium c-coim-

c!uc-tammc-c- e�immumige at imifimiite- time- ; Uo timid! bc0

arc- time’ imiitial fnao-tioons of time’ fmist mimic! sleow

e-eompomie-iits, ne-spc’c-tive-lv (sue-h timtit- ao +

/)0 1) ; a-mid! ka mind k� mine- time- nmite- e-coiistammts

oof time’ fast- mimic! sloow pr#{176}c-c-sse-s.

lime- nato- c-eonistammts mimic! initial fnmic-tioims

cof time fast anmc! sloow 0’(onlil)OoiiOnits we-no- dc-ton-

nnino-c! gntipiiic-milly ( 1 1). Tablo 2 simoows that

thmc-half-time-s cof botim c-e)mlil)onc-nitsmire’inmeic’-

po-licle-mit eof ( ;ABA o-coiu-c-mitnmmticon. The- c-oomi-
oe-mitimiticori dc-pc-tide-mice- cof time- onmse1-s is timus

c-mit-inc-by aco-ounte-el for by time- inmo-ro-ase- iii the

pno)pontiomm cof fmmst o-conmpoomme-nmt- mis c-conmcc-ntnmm-

tiomm iimcnc-mise-s. Aim monmalvsis cof timis-s kind c-mimi-

hot be- tipj)lied i�ime-ii, mis coftomi hitil)I)Otis. time-

fast- Phase cleoo’s mio)t mippe-mir too be- OXj)OnOmmtimtl

(Fig. 10).
‘,Sensilizalico,o.’’ �I’ime- fim-st fo-iv tipplic-miticonis-

cof (IL\.IB�\. too mm Pne-lommrmitioomm c-lie-it no’spcotmsc-s

wimicim bo�cconme pneogre-ssivc-ly fmmstc-n. �l’ime- e-ffo-c-t

is nicore’ nmmmrkoe! at higher ( ABA e-oommo-o-nmtra-

tiomm. �iimis iniitial te-mie!c-nmc-v teowam-els immc-rc-mmso-d

nmmte- cof mietieomm cot (ABA Immis hcomm tenmc-ci

‘‘so-nisitizaticoni’’ (12). lime- effect is entirely a

kinie’t-ie onie-, smite- time- c-comelue-tanme-e immc-rc-ase

mit 0-c 1uilibi-iumim ohioo�vs nco c-c onmsist c-nit- t re-tie! on

me-j)c-mitd-dI til)b)lio-mitie-omm cof time’ smmnmc- o-eonmc-onitra-

ticoti eof (‘�ABA. 1’igiino- (0 suggests timmit so-li-

sitizmitioomm immvoolvc-s imme-m-e-misinig lomiitic-il)miticoil

T�men.n-.2

JIalf-tiomoc-s uffast (i,,(l slant OJ/)0111e0110(Il eiommopooi,omots

of respooose to G.4 8.4 (ii 23#{176}

1ciumot n oni 2 svas niscel t oo anoalvze t lie- kiniet i(s cof

t he o nose-is cof d �Al�.\ sect iono i no t hie expen-inooenot
shcoovni mo Fig. 7.

G.-�B:� )‘ = a0 llalf-tinoie of h-half-time of

ka I)r(��CSS oh �oro)cess

.11 X 10#{176} sec sec

1.0) O).1�) 0)34 -- 126

1.5 e).51 0.49 22 117
1.9 0.75 1)62 22 125
2.4 0.92 23

-‘ I )eviat ic no frconoo I i noetoni I y joneveno t c-el olet o-rnioi -

natiooni oof to re-I i tihole- val ue- (so-c Fig. 7).
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FIG. 8. Kimoetios of imoilial responses to) repeated

application of the S(10010 GABA concentration (“see-

sitizatiort”)

The first (L�t�), second (0), armd third (�) re-

�P��nses to 240 �oM (iAB�& ins a previously untreated

preparationo are shown superinmiposed in a se-mimi-

logarithmnic plot (sec legenid to Fig. 7). The poinmts

close to the originm were indetennnimiate- because of
rapid hyperpolarization of the kind shown in Fig.

1. The first apphicationi cof GABA was nnade 3 hr

after disse-ctionm of the- preparationo. GABA was

applied for about 10 ni�ino amid washed omit for a
siniiilar period. The equilibriunim respconmses, g’,
were: A, 2.6 X 10-#{176}nnloo; 0, 2.9 X 10-#{176}misho; 0,

2.6 X 10-s mho. The experimenit was performed at

room tennperature (24.5#{176}). The rate cc)nistants of

the fast amid slow exponienmtial processes, inodicated
by lines, are 3.6 x 102 se-c ‘ anti 1.0 X 102 se-c�’,

respectively.

of a fast kinetic component amid de-cncasimmg

pant-icipatiomm of a- slew conmponent. The first
applicatic)n of GABA iii the- expenimeimt

simowmm in Fig. � was made after e-quilibnatimmg

time- muscle- iii pnopionate- saline- foon 3 hr.

Each of time- time-c- responses was accom-

j)ammied by transient imypenpolanization (2-3.5
mimv) followed by de-polanizaticnm, with sub-

se-ciue-mmt ro-l)eolanizm1tiomi O)fl ��misheout of thc

(�AJ3A.

Nco mittcnii)t \VmiS made- too de-tenmimme-

whet lie-n time- ki tio’t ic-S wooulc! bc-c-come- slower

agaimm aftor mi bong pc-nicoc! cof re-cove-nv in timo-

abse-mice- cof mipplic-ci ( ;ABA. Time- rc-spoonse-s

simeown in Fig. 7 we-nc- ne-ccorc!e-el mmftc-n se-misi-

t-izatiomm of the pno-pmmraticonm, mimic! time- smallost

cc)ncent-natio)nm wmis rc-mi�oplic-e! mit time- c-mid eof

t-imc sonies to) o-stmtblisim rc-pnce!ucibility of the-

kimie-t-ics.

Teln/)el-al ure (lepen(Ien(e of IiiliCti(S. Ap-

plicatieomm of the- smmmo- econmco’tmtrmit-ion cof (�AB�-\.
mit. c!iffe-re-nit tc-nml)c-nmmtuno-s vie-lded time- sun-

pnisimmg nc-stilt- timmit time- rmmtc- cf GABA ac-tieoim

inmcre-ase-d �vitim dee-rc-mmsimmg te-nnpo-nmituro-. 1mm

fact, timis obsc-nvationm is misleading, since

time rat-ic [A]:[A]0.5- immcrc-ase-s as- the- tem-

peratune- is Icowe-ned, and a cconcc-nmtnation

which is subnmaxinmal at nocom te-mpe-rature

may be supramaximal at 15#{176}.Too cbtain

good estimate-s of [Aj0.5 at diffe-remit tempera-

tun-s mm time- same e-xpenimeimt was difficult.

We- have time-re-fore takc-im the- be-ss satisfactory

course- of making ccon-mparisons between c-x-

l)enime-nits at differe-imt t o-mpe-natures . Figure
9 shows onmse-t- kiimetics at 15#{176},19#{176},aimd 24.5#{176}

witim the- ratio) [�4]:[AI0.5 approximate-ly c-qua!

to 1. This figure illustrates our gc-ime-ral find-

ing timat time panticil)ation of the fast com-

l)01ie-mmt dee-nc-misc-s at reduced temperature-.
The rate coimstanmt cof the slow compomment

appears from Fig. 9 to) decrease with de-

creasimmg tempe-ratunc- (the values are- 7.3 X

10� sec’ at 24.5#{176},6.3 X 10� sec’ at 19#{176},

and 5.5 X lO-� se-c-’ at 15#{176}).How-c-ye-n, Fig.

10 simows amic)the-n c-xpeniment at- 15#{176},in

�yhich the- rate- cOti5t.aiit of time slow com-

ponemmt is 7.7 X 10-s se-c-’, and a value of

5.5 x io-� sc-c’ is foound iii the- experiment

at 23#{176}shown in Fig. 7. Thus the effect of

tempo-nature commthe- rate constammt of the slow

component is obscured by experimental

variation, aimd tlmc- inmdicatiomm is that this

process has a natime-n small Q�o

� n

0#{149}2-

0-1 -

Fm cm. 9 . Efl(ct of toio, Pc-rat core no, himoeti cs of omo,set

of GABA acti(011

The- mime-thud oof plcot I inog ns oxplainied mo the

legemid too Fig. 7. Em-li conoset is take-ni fronn a dif-

fe-remit experinime-not : A, 58 �m ([A J�, = 41 �M) at
15#{176};0, 48 �A1 ([A[0.� = 55 �aot) at 19#{176};0, 120 MM

([A]0�5 - 9() �.iM) tot 24.5#{176}. These cconoce-notrationes of

GABA are as c-loose as c-connlcl be achieved to the

indicated coonoc-c-not rat ionos, [A � , givi nog half-

mntixinoial n-esp(onosc-.



A

_Q -
g

A

- A 0 0

0�5

S AAA

- 0

0

02 -

KINETICS OF GABA ACTION 587

4 N . I�roockes tmnocl S. I )moneknimtonono , iinopnnblishie-d

colosorvtot io)nos.

o.t

FiG. 10. Kimoetic.s oof oio.set (A ) and offset (B) of

GABA (Ic#{149}tjo)lo-at 15#{176}

The met hood cof loI�t t i meg is osxplai need i no t lie-

legend too Fig. 7. The applications of GABA tonic!

washonnt were each of 10-miiin duration. The c’cono-

cemotraticonos applied were: 0, 39 �zM; 0, 58 MM; 7,

78 MM ; A, 97 MM ([A boo 52 �z.M). The rate coast amot

of the sloow expenoe-nitial ecomponent of onset is

7.7 >< 10- � see: ‘. The rate constants of the sloow

co)nmipconiemots eof offset tire : 0 , 1.2 X 1o-� sec’ ; 0,

9.0 X iO-t#{176}sec’; �, 8.3 X 10#{176}sec’. All responses

were- re-corded freons t lie stomime fiber.

Tue co)nmceiitraticon dependence o)f the- Id-

iictics at 15#{176}is simeuvn in lig. 10. TIme- onso-t

of (ABA actic)nm b(-cc)mes obviously bi-

I)immisiconly mviu-n [AI:[A10.5 rise-s to about- 2.
Time coffse-ts are- cleanly slower than at higher

tempo-nature-s (Fig. 7), and are bipha.sic- at

all cconmccntnations. Time- offset of the higimest

GABA concentration is remarkable for the-

l)hito’ti11 he-t�ve-en the- two phases of the ki-
mme-tics. This effect was exactly reproducible-.

Membi-an-e potential. The small changes in

mc-mbranmc- polanizaticon wimich accompany

t ime- c-eonmc!uctmmmico- imicne-a.se- produced by

GABA ( i’ig. 1 ) must be’ ce)nsidered. Tlmc-y

comme-o-ivably ce)ubd c-xe-nt an influence- omm

membrano- permeability , since large polani-

zations arc- kno�vmi to deo seo in other pre-para-

tiomis (13). Hyperpolarizmition in response too

GABA was greater aftc-n re-place-me-nt cof

c-hmbeoi-ic!o- icoims iii time- bmithimmg scAuticmm ivitim

pnc)piommtite (1). �Fius suggests that time- mmic’ni-
brano- is in fact- poorly pe-nmc-able to pnco-

I)iootimtte-ic)ns timid there-fore- c-mini fummction mis mm

pro)j)iomimite e-bc-ctnoodo- ( 14) . A sleow c!e-peolani-
zmitiomi in time- continue-cl jorc-sc-nmc-c- cof (�ABA

follows time tnansio-mmt hivpo-npcolmmnizmition (1’ig.

1 ) , possibly be-cause- cof niiove-nmmc-nt of chile-

ride- ions imito time- fibe-n, mo-e!tmcimmg time- cimlonido-

Nc-nnst pe)t-e-imt-ial. Time- nospoomisc-s sconmc-tinio-s

became- c-mit ino-l�’ dc-peoianizing during t lie-

course- of aim e-xpc�rime-nmt. joartie-tilmmrl� mofto-n

B nc-pc-ate-c! mip�olicmttiomis cof higim e-eomme-o-nmtimitioims
O)f (‘,ABA. Heowc-vc-n, mmt 15#{176}time- effect of

(�l�Al3A comm mo-nmbranmo- l)ooltiiiztitieoni o-itiie-r

\\_tismic)t tippmmnc-nmt con ��mis tooco sbeow anmel tO)e)

smmmll too ho- ie!e-mmtific-d ivitlm amiv e-conifielc-nico-.

‘Fimmmt the- nie-mmsuro-c! kino-tic-s cot cc oniclue-t--

mmmcc- c-immimmgc- wmms miot inmfluic-nmo-c-ci by time-se-

mmlto-ntmtioomis mi l)ooltiniztiti0oli is inmclie-tito-c! by

time fclloowiimg eobso-m-vmitic onms. (mm) Time- veolttige--

c-unro-nit relmitiomisimip eof time- mo-mbrmmnmo- was

linocmir 0 over t lie- rmingo- cof j 00olmiiizmit ie onm e‘xmmni-

inc-c! mm time-sc- e-xpc-ninic-nits. (b) The- rate-

e-eamstmmnmt c)f time- ftiste-st rc’spcoflsc’ mmIig. S is

3.6 X 10-� s�-e-�’, mimic! that cof time- fastest

ne-speomise- mm Fig. 7A is 3.0 X 102 see’. 1mm

time first e-xampbe- time-re- was rmipid hmvjoe-n-

pobanizatioomm during o)iiso-t, and in time- 5O’ce)flO!
o-xaniplo- d!o-pe)lminizat norm mibcomme mvmis re-cooneic-ci.

In go-ne-ral, time api)c-tinalmde c)f a fast j)iitisc

O)f time’ kine-tics was imoot foounio! too be tissoci-

mited! with j)anticular e-immmmmgo-s mm jocolmmniza-

tiooni. (e’) GABA was alsco foumme! nct too mmff-ct

time- me-nibrane- ioeoto-nmtimil iviiemm mm ‘cimlconic!e

smmiinme-’’ (1), iii �vimic-hm all the- seocliuni icomis ivoro’

no-placo-c! �vit-im c-imobitmc-, \\.mis tisecl. Xe-vo-rtime--

lc-ss, uncle-n time-so- eemciitieomms, time’ rmite 0-00mm-

stmmnt cof time’ oonset cof e-conioiiic-tmmnc,o- o-immmnige

(at- rooom te-nipenatuno-) migre-es c-loose-by witim

time values reported lie-re- foor time- slooi� loimmise

of onset.4

DISCIJSSI OX

Time- show e-xpoiie-imtiai pimaso- 0)! time- eoniso’t

(of (;ABA actiomm nc-se-mble-s time- kimio-tio-s of ti

first--condo-n rc-actie)ni. it e-ammiieot be- time- nc-stilt

eof a nmacnoosceopie- e!iffusioon bannic-r, bo-e-mmusc

tIme i-mite- eeommstanmt is imme!c-pc-ne!c-nit cof c-commccti-

tratiomi. It- c-mmnmnmotdo-po-nicl 111)OOfl mmmmypr���-o-s�
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utilizing nnet-abolie- e-mic-ngy, bo-c-mmusc- it is

relatively insensitive to t-o-nnpe-nat tine- change-.

\Ve are not able-, the-re-fore-, to c-xpimiiii time-

sbeo�v phase- of C�\.BA mmctionm iii te’nnims o)f a

nmoc!o-l wimicim nc-lic-s on binnite-cI nmito- cof access

to) time- receptor (15) con mict-ivo- tlj)tmikO’ cof

GABA from time extrtic-e-llular spmiec- (16).

i�imc- binding of (i’TABA too time- nc-ce-pt-on, eve-ti

if se-vera-! orders cif ma-giiitucie- slower thaim

substrate bine!immg t-e) o-mmzynnes (17), c-aim bo�

missume-ci to) c-etuilibntitc- vonv rapidly . Times

\s.e are Ic-ft with time- j)eossibilit-V that- mve imavo-

observed lie-re- t lie- rmmt-e‘ cof e-oamfoonniat iona I

trmmmisitic)Im cf scnime st ruc-t until e-le-nio-imt of t lie

nmc’nnbnammc-, subse-eiuc-nt teo time- bimidimig ste-I).

Alt-Imeougim timere is miii inc!icatiomm thmmmt sinmi-

lan mingunme-nmts nmmiy mip�oby to time fmist coonm-

ponient- O)f (�AI3A actiomi. this is nmet c-lc-mmrly
SC) mit time pre-semmt stage-. ‘I’ime’ fmist j)hiasO mvmis

not- c-onsist-eimtly obso-nvo-el to) be- expoiie’mitimil.

\Ve’ did imoot se-c-k a limnitimmg ooniso-t rmite tit

high (�\..iL� ccomicemmtrat-iomm. but time-ne- �vmms

cort-mmimmiy mico sign that sueim mm linmit e-xisto-d

eve-n m at substmmnt-imillv sUpnmi nmaxi tutu cc ommce-nm-

trmmtioims. r1�hti mimmy ilme!e-joe-mmc!e-mmce cof ooiniceii-

tntit-iomm simo�vmi by time- nat-c- constminmt oof time-

fast J)imtis(’ (Table- 2) ccoulc! cnlv c-xist cove-n mi

linmitc-d range-. It is eiuite comicc-ivmible- that

time- kinetics of time fast pimmiso- is in fact do--

tennmimmec! by diffusioni liniitmitioii Oti time- nat-c

of access of GABA too time’ m-e-ce-ptons. rfime-

nttte- of act-icnm of c-nme!ogc-niously re-lo-tised

t-namlsnmmmtt-c1 e’eou!el be- �‘e-rv nmue-lm fastcr, es-

1)e-cimillY if trmimisnmitten we-nc- re-lease-cl iii qumum-
t-it ies sufficie -mit- t co stit emnat c- t lie- no-c-c-pt ens.

Howe-von, simio-c- time- slow ioimase- of (ABA

act-icomm d!OO’s socIli too be- do-ternmimme-cI by time-

peOstsvlitLl)tie nime-nibnmimme’, it is immtc-re-st-imig too

51)ediilmitc thitit ummclo-n phmysioologic-mml e-oommdi-

tiomis cconmc-e-mmtrat-icnms nmav be- mmlwavs high

enie)Ugim to) pnc-cliic!e- time- sboow no-spouse-.

Is time biphmmisio- kimmet-ics tmmmo-xpre-ssicomi of

time e-xiste-nce- e)f t�vco clistinict sj)O’eiO’5 cof no--

cepton with eliffencmit affinmitic-s for ( ABA? If

t-imis is so, time-ni time- fast e-omjoeouie-iit- is too be

idemmtifie-d i��it-im time- bea�o-n-affinitv s1oe-e-ic-s-.t,

sinmce- its 1)antioilotmticomm inmc-ro-mmses ��-itim O’O)ii-

centnationm. inmsjoe-c-tiomi oiof ‘I’mibbo- 2 shiO)\VS

timmit iii timis c-xpc-ninieiit time- sloev e’oonmpconicnit

nmust acecoumit for mit least timnec--tc-mmtiis cof time

nmmixii-imun-mm c-cotmc!uc-tmimic-e c-imminmgc, mimic! yc-t at

lmigh e-o)nmee-mmtntit i oni time- sb oiv e-e)Inpc inn-lit cof

time- kinie-tic-s immis mibnicst c!isappo-mmre-cl (1-’ig. 7).

ilmis inic-comisiste-mmcv nitty be- explaiuied by time-

pr�c�-ss of sonsitizmit-iconi (1’ig. S), which sc-ems
to) te-ll us timmit apphie-mmtioni of GAB:� pro-

nicote-s time- commve-nsicon cof time- sloow ce)mimpolmc’mmt-

too time- fmmst. Time- cobjo-ctiomi which nmeow mmnise-s

is timmit dunimig se-misitizmmtioomi e-eimmilibnium ne-

5J)0)iiSO’S too time- smmnie- c-eonc-entrationm show imo
ecoumsiste-mit trenici while- time- kiime-tie-s cof time-in

eonmsct chmumgc-s d!nmmniititidmilly. It is difficult- to

tico-onimodmmt-o- t his fi nmc!immg to o time prope osition

timtit- time- fast mi-mid sloow c-oonmpconme-mmts tine- tiS5O)-

e-itmtOd! ivitim c!iffc-rc-mit affimmitio-s for (�ABA.

It �t-4 c-mJ)hasized t-iimtt- mmltlmcoughm our immte-n-

jne-tatioum of so-nsitiztmtieomm rests mmmiimby cm
time- similarity e)f time- cconmponc-nts cof time

kinetics as time-v mippc-an dtmning (Fig. �$) ti-mid

after (Fig. 7) se-mmsitizmmtioonm, it is milsoo true

that sonic mmppareimtiy nmone plausible- e-xpia-

nat-ions arc- inmadmimissible. If, for instance,

satunatieomm cof (LA.BA uI)take or mme)mmspe-cific

bindiimg were time- c-a-misc- of sensitizatiomm, the

obso-nveel nmmte- oof ro-spoonise- imm an unse-imsitized

lore-Panationi mvooulc! be- immitially sloow timid
time-ni iimcno-mmsinmgly fast. This is time- no-verse- ef

time c-xl)e-ninio-mitmil obso’rvmitiomm cof mmfast ioha.se

folloomve-d by mmsloow joimmisci.

i�ime- plate-mimi mm time- ooffset in Fig. lOB could

be- ceonmsidc-re-c! kinmetic- c-vide-nmce of t-imc- “me--

tastability” cof re-sl000iiso-s observe-cl in e-qui-

libniunn studic-s (1). Attenmjots too acccourmt for

slO)\V offsot nato-s in-i tennis of ic-akmigc- O)f imitna-

ceiluhmniv tie-c-unmulat-cl (ABA nme-c-t time- ob-

jection that, mit least iii crustacean muscle,

(ABA iiI)ttike has bee-ni foounmcl to be- yin-

tualiv unidire-o-t-ioonmml (16).
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